Abtract Genetic and lifestyle factors are important in the pathogenesis of osteoporosis. We investigated the relationships of PvuII and XbaI polymorphisms of the estrogen receptor alpha (ER-a) gene, lifestyle factors with speed of sound at the calcaneus (calcaneal SOS) and osteoporosis in a population-based study of 140 healthy postmenopausal women. By an analysis of covariates, women with higher copies of P or X alleles had higher calcaneal SOS compared with others (P=0.012, PP vs. pp; P=0.045, Xx vs. xx). Women with lower copies of px or higher copies of PX haplotypes had higher calcaneal SOS compared with others (P=0.021, 0 px vs. 2 px; P=0.011, 1 PX vs. 0 PX). The px and PX haplotypes, age and years since menopause were found to be independent predictors of calcaneal SOS in multiple linear regression models. Using logistic regression, we found an increased osteoporosis risk with evidence for a px haplotype dose effect (OR=2.82, 95% CI=1.50-5.31, P=0.001) and for a PX haplotype dose effect (OR=0.42, 95% CI=0.19-0.93, P=0.033). An increased educational level was associated with a reduced risk of osteoporosis (P=0.035 in the model with px, P=0.044 in the model with PX). In conclusion, the present study suggests that PvuII and XbaI polymorphims of the ER-a gene, age, years since menopause and educational level are associated with bone density, as assessed by calcaneal SOS, and osteoporosis in postmenopausal Vietnamese women.
Introduction
Osteoporosis is a major health problem worldwide, particularly in the elderly. More than 40% of postmenopausal women, on average, will suffer at least one osteoporotic fracture (Spencer et al. 1986) . It is also a common complex disorder that involves environmental and genetic factors and results in an increased risk of fracture. The environmental risk factors of osteoporosis have been reported in previous studies as low calcium intake, vitamin D deficiency, excessive alcohol, smoking and lack of physical activity (Anthony and Kristina 2003) . Several studies have proved the dominant role of the genetic factors in the pathogenesis of osteoporosis. Studies in twins and parent-offspring have shown that additive genetic effects account for 60-80% of the population variance and stature (Giguere and Rousseau 2000 ; Nordströ m and Lorentzon Ó The Japan Society of Human Genetics and Springer 2006 1999). Genetic linkage studies (Johnson et al. 1997; Devoto et al. 1998 ) and candidate-gene association studies have identified loci and candidate genes that are involved in the regulation of bone mass and the pathogenesis of osteoporotic fractures (Morrison et al. 1994; Kobayashi et al. 1996; Masi et al. 1998; Gennari et al. 2005) . One such candidate gene is the estrogen receptor alpha (ER-a). The importance of ER-a in the regulation of bone mass has been indicated by the occurrence of osteoporosis in a man with mutations in the coding region of ER-a (Smith et al. 1994) and by the observation that the bone mineral density (BMD) of mice lacking a functional ER-a gene is 20-25% less than that of wild-type mice (Korach 1994) . Several genetic variations in the ER-a gene have been described, and relationships of these polymorphisms with BMD and quantitative ultrasound (QUS) parameters have been reported, but the results have been inconsistent, pointing to the possibility that gene-gene and gene-environment interactions may present important confounding factors (Kobayashi et al. 1996; Han et al. 1997; Patel et al. 2000; Kim et al. 2001; Van Meurs et al. 2003; Koh et al. 2004; Albagha et al. 2005; Mitra et al. 2006) . Moreover, there are few studies that have analyzed the relationship of both ER-a polymorphisms and environmental factors to osteoporosis. Here, we take into account anthropometric measurements and life style factors (such as weight, height, age, years since menopause, educational level, occupation, smoking and drinking alcohol) in analyzing the association of ER-a with osteoporosis.
To assess bone status, QUS of the bone has been proposed as an alternative method for noninvasive assessment of skeletal status, as it reflects not only the bone mass, but also the qualitative aspects of bone tissue such as elasticity, structure and geometry (Gluer 1997) . The heritability estimates of the QUS parameters are also comparable with those of BMD, ranging between 53 and 74% at the calcaneus (Danielson et al. 1999; Howard et al. 1998 ). More importantly, the proportion of postmenopausal women classified as normal, osteopenic or osteoporotic was similar when using either BMD or QUS measurements (Frost et al. 2001; Huopio et al. 2004 ). However, in contrast to the many reports using BMD, genetic studies using QUS measurements are extremely rare. In addition, to the best of our knowledge, there is still a dearth of data on the genetic factors of osteoporosis in Vietnam. Therefore, we performed a population-based study to investigate the association of the PvuII and XbaI genotype, haplotype of ER-a gene as well as environmental factors with osteoporosis and bone density assessed by SOS at the calcaneus in postmenopausal Vietnamese women.
Subjects and methods

Subjects
First, 500 postmenopausal women living in a rural area of the Hai Duong province were screened from two communes by questionnaire. Women who had one or more of the following factors were excluded from the study: (1) current cancer or hyperparathyroidism; (2) a kidney stone in the past 5 years, renal disease, or bilateral hip surgery; (3) therapy with a bisphosphonate, calcitonin, estrogen, tamoxifen, or testosterone in the past 6 months or fluoride in the past 2 years; (4) laboratory evidence of kidney or liver disease. As a result, 140 healthy postmenopausal women who met the criteria of the study were recruited for the study. None of the recruited subjects had ever used any bisphosphonates in their medical history. The Ethics Committee of the National Institute of Nutrition, Vietnam, and the Ethnical Committee of Tokushima University, Japan, approved the study. All participants provided written informed consent before entering the study.
Measurements
All participants completed a structured questionnaire. Data were collected on the anthropometric measurements, current age, age at menarche, age at menopause, ethnicity, educational level, occupation, medical and reproductive history, and smoking and drinking history. The lifelong occupation was defined as the occupation that the subject engaged in most frequently in her life. It was classified as heavy work (farmers; manual workers), office work (office clerks and other sedentary jobs) or domestic work (housewife). The educational level was categorized into three groups according to the number of years of schooling: low level (£5 years), medium level (6-8 years) and high level ( ‡9 years).
Bone mass was assessed by speed of sound (m/s) at the calcaneus using a QUS device (CM-100; ELK Corporation, Tokyo, Japan) as described by Hien et al. (2005) . The precision error (percent coefficient of variation) using the phantom technique was 0.15% and, in vivo, was 0.27% (Hien et al. 2005 ). The T-score for each subject was calculated by using the peak speed-of-sound value for a defined population of young adults, and its standard deviation, with the following equation (Cheng et al. 1999) : T-score = (speed of sound subject -speed of sound peak value for young adults )/ standard deviation peak value for young adults . The peak speed-of-sound value for young adults (speed-of-sound peak value for young adults ) was found by estimating the peak bone mass, which was itself defined as the average maximum bone mass achieved by young, healthy, sex-and race-matched adults (Frost et al. 1999) . The speed-of-sound peak value for young adults and standard deviation peak value for young adults were used from a previous large population-based study (Hien et al. 2005) . A person was classified as having osteoporosis if her T-score was £-1.8, and as normal if the score was >-1.8.
Genotyping
Peripheral blood samples were obtained from each woman, and genomic DNA was extracted from peripheral blood leukocytes, using the QIA amp DNA blood kit (Qiagen GmbH, Hilden, Germany). The PvuII (rs2234693) and XbaI (rs9340799) polymorphisms are 45 bp apart and located approximately 400 bp upsteam of exon 2 of the ER-a gene. ER-a genotypes and haplotypes were determined with the restriction fragment length polymorphism (RFLP)-PCR analysis, as previously described (Van Meurs et al. 2003) . The PCR products were digested at 37°C for 90 min with 5 units of PvuII and 7 units of XbaI restriction enzymes (New England Biolabs). Haplotypes for the individuals carrying the PpXx genotype were determined by double digestion with both PvuII and XbaI restriction enzymes. The digested products were analyzed by 3% agarose gel electrophoresis in 0.5· TBE buffer at 100 V for 40 min, and ethidium bromide staining was used. By convention, the small p and x denote the presence of PvuII and XbaI restriction sites, respectively; the capital P and X indicate the absence of PvuII and XbaI restriction sites, respectively. Four haplotype alleles for PvuII and XbaI were encoded as px (1), PX (2), Px (3) and pX (4).
Statistical analysis
We used the general linear models (GLM) for univariate analysis to evaluate the relationships between calcaneal SOS and ER-a genotypes and haplotypes. The raw SOSs were adjusted by regression for covariates of the height, weight, age, years since menopause, and number of children. The educational level was entered in models as a random factor. Multiple group comparisons were made by one-way ANOVA. Groupgroup differences were then assessed by the post hoc test of Bonferroni. Binary logistic regression analysis was used to test several models for the associations of osteoporosis to the PvuII and XbaI genotypes, haplotypes of the ER-a gene and other variables. Here, data are presented as the odds ratios with 95% confidence intervals (CI). Multiple linear regression was used to test for independent predictors for calcaneal SOS, entering the PvuII-XbaI haplotypes, age, years since menopause, weight, height and educational level into the model. The independent distribution of errors was assessed by an analysis of residuals. The chi-square (v 2 ) test was used to assess the distribution of PvuII, XbaI genotypes and PvuII-XbaI haplotypes for HardyWeinberg equilibrium. Associations were considered statistically significant at P<0.05 for all the analyses. All statistical procedures were performed using SPSS version 11.0 (SPSS, Inc., Chicago, IL).
Results
Characteristics of the subjects
Of the 140 subjects in the study, 137 (98%) were farmers and manual workers, and the others were office clerks. All subjects were healthy women who did not smoke and drink alcohol. The mean (±SD) of age, age at menarche and age at menopause of the study group were 55.6±3.8, 16.7±2.1 and 47.7±3.4 years, respectively. The characteristics of subjects according to the PvuII and XbaI genotypes of the ER-a gene are shown in Table 1 . We found no statistically significant differences among the three groups of either polymorphism in the weight, height, BMI, age, age at menopause, years since menopause and number of children.
ER-a genotype and haplotype frequencies
The frequencies of the PvuII and XbaI genotypes of the ER-a gene were as follows: PP, 15.7% (n=22); Pp, 47.1% (n=66); pp, 37.2% (n=52); XX, 3.6% (n=5); Xx, 32.1% (n=45); xx, 64.3% (n=90). The frequencies of PvuII-XbaI haplotypes were as follows: px, 60.7%; PX, 19.6%; Px, 19.6%; pX, 0%. The frequencies of PvuIIXbaI diplotypes were: 37.1, 25.7, 24.1, 3.6, 6.4 and 5.7% for px-px, px-PX, px-pX, PX-PX, PX-Px and Px-Px, respectively. The distributions of the PvuII, XbaI genotypes and the PvuII-XbaI haplotype genotypes were compatible with a population in Hardy-Weinberg equilibrium.
Associations of the PvuII and XbaI polymorphisms, PvuII-XbaI haplotype and lifestyle factors with calcaneal SOS To investigate the relationship between the individual PvuII, XbaI polymorphisms and PvuII-XbaI haplotype of the ER-a gene with calcaneal SOS, we used the general linear model (GLM) univariate analysis in which calcaneal SOS was presented as the mean ± SE and adjusted for the weight, height, age, years since menopause, number of children, and educational level. As shown in Fig. 1 , calcaneal SOS was higher in women with the PP genotype than in those with pp genotypes (P=0.012, ANCOVA). On the other hand, calcaneal SOS was lower in women with the xx genotype than in those with Xx genotypes (P=0.045, AN-COVA). The above analyses resulted in the hypothesis that there was an association between the number copies of PX and/or px haplotypes and calcaneal SOS. In view of this, we next evaluated the relation between each of the three haplotypes (px, PX and Px) and calcaneal SOS (Fig. 2) . Calcaneal SOS was significantly lower in the 2-px and 0-PX groups compared to the 0-px group and 1-PX groups, respectively (P=0.021, 2 px vs. 0 px; P=0.011, 0 PX vs. 1 PX, ANCOVA). Carries with higher copy of px tended to have lower calcaneal SOS, while carries with higher copy of PX were prone to have higher calcaneal SOS. A similar analysis showed no association between number copies of the Px haplotype and calcaneal SOS. In addition, the calcaneal SOS was lower in the low educational level compared to the medium level and high level (P=0.038 and 0.002, respectively, one-way ANOVA). After adjusting for confounding factors, a significant difference remained between the low educational level and medium educational level (P=0.004 ANCOVA, data not shown).
Risk factors associated with osteoporosis and independent predictors for calcaneal SOS To assess potential risk variables of osteoporosis, we used binary logistic regression in the models, including the copy number of the px or PX haplotype, age, years since menopause, number of children, weight, height and educational level ( Table 2) . As shown in the model 1, the copy number of the px haplotype and years since menopause were positively related to the risk of osteoporosis (P=0.007, 2 px vs. 0 px; P=0.045, respectively). We found an increased osteoporosis risk with evidence for a px haplotype dose effect with an odds ratio of 2.82 (95% CI=1.50-5.31, P=0.001). On the other hand, the model 2 showed that the copy number of the PX haplotype was negatively related to the risk of osteoporosis (OR=0.42, 95% CI=0.19-0.93, P=0.033). Increased years since menopause was associated with a significantly increased risk of osteoporosis in model 1 (OR=1.16, 95% CI=1.01-1.34, P=0.045), but not in the model 2 (OR=1.13, 95% CI=0.98-1.30, P=0.087). In Table 1 Characteristics of the subjects according to the PvuII and XbaI genotypes of the ER-a gene (n=140) To assess independent predictors for calcaneal SOS, we used multiple linear regression, entering the px or PX haplotypes, age, years since menopause, weight, height, number of children and educational level into the models. The models shown in Table 3 explained 23.8 and 25.8% of the total observed variance in calcaneal SOS according to the copy number of the px and PX haplotypes, respectively. However, the copy number of the px and PX haplotypes, age, and years since menopause were the most significant independent predictors of calcaneal SOS. Further stepwise multiple linear regression analyses showed that the px and PX haplotypes accounted for approximately 5 and 7% at the calcaneal SOS, while the age and years since menopause accounted for about 4 and 6%, respectively.
Discussion
In this study, we found a statistically significant association between calcaneal SOS and the ER-a PvuII and XbaI polymorphisms when they were analyzed individually and by the copy number of the px and PX haplotypes in postmenopausal women.
ER-a appears to be the major receptor mediating estrogen action in bone, and it has a prominent effect on the regulation of bone turnover and the maintenance of bone mass (Gennari et al. 2005 ), but association studies to date have yielded inconsistent results. First, Kobayashi et al. (1996) reported no significant difference in BMD values in Japanese women in relation to individual PvuII and XbaI polymorphisms. Han et al. (1997) failed to find any significant association between the ER-a genotypes and BMD in a hospital-based study, whereas Nam et al. (2005) observed the association of the PvuII polymorphism of ER-a with BMD, and Kim et al. (2001) revealed the association of both PvuII and XbaI polymorphisms with BMD in population-based studies. These controversial results may be explained partly by an insufficient sample size, population specificity and possible genetic effects masked by different gene-gene and gene-environment interactions. Because osteoporosis is known as a lifestyle-related disease, we took into account the analysis of both genetic factors and environmental factors, including: (1) anthropometric measurements: weight and height; (2) reproductive status: age, age at menopause, years since menopause and number of births; (3) lifestyle factors: educational level and occupation. As all subjects were healthy women who did not smoke and drink alcohol and most of them (98%) were farmers and manual workers, we could eliminate the confounding factors of these variables in the all analysis models. It is the first report of the relationship between genetic factors, environmental factors and calcaneal SOS in Vietnam. To date, there have been few previous reports regarding to relationship between the ER-a PvuII and XbaI genotypes and QUS parameters, although the QUS measurement has many advantages, such as noninvasive assessment of skeletal status, which is especially usefulness for pregnant women, low cost, portable tools and feasibility for a large population study. In agreement with the findings of Patel et al. (2000) and Koh et al. (2004) , we found that the x allele of the ER-a gene was significantly associated with the reduced QUS parameter, while Albagha et al. (2005) observed no association. Interestingly, we also revealed the association of the P allele with increased QUS parameters, which is inconsistent with previous studies (Patel et al. 2000; Koh et al. 2004; Albagha et al. 2005) . Our results can be explained by the hypothesis of Khosla et al. (2004) that the pp or xx genotype may be relatively estrogen insensitive and that subjects with the P or X allele may benefit more from the protective effects of estrogen on bone than subjects with the p or x allele. Thus, positive or negative associations may be dependent on circulating of the estrogen level.
With regard to the relationship between the PvuII, XbaI genotype of the ER-a gene and BMD in postmenopausal Asian populations, some studies reported that women with the XX genotype had higher BMDs than those with the Xx and/or xx genotype (Koh et al. 2004 and Mitra et al. 2006) , while others found the opposite results (Kim et al. 2001 and Thuy et al. 2003) . Similarly, the P allele was also associated with a higher BMD in most of the reports (Nam et al. 2005; Kim et al. 2001; Mitra et al. 2006) , whereas only one reported an opposite association (Huang et al. 1999) . The recent meta-analyses in Caucasian women, Ioannidis et al. (2004) confirmed that XX homozygotes consistently had a higher BMD and also a decreased risk of fractures when compared with carriers of the x allele, whereas the PvuII genotype was not associated with either BMD or fracture risk.
In terms of haplotype, we found that both px and PX haplotypes were associated with calcaneal SOS. Albagha et al. (2005) , in the population-based cohort of 3,054 Scottish women, indicated that the px haplotype was associated with reduced calcaneal broadband ultrasound attenuation values. Surprisingly, our report is the first of an association between the PX haplotype and QUS parameter in postmenopausal women, while previous studies observed no association or did not carry out an analysis (Patel et al. 2000; Koh et al. 2004; Albagha et al. 2005) . Other studies reported a haplotype analysis for the ER-a gene in relation to BMD, (Huang et al. 1999) reported the association of the PX haplotype with lower BMD and others demonstrated the association of the Px haplotype with higher BMD (Kobayashi et al. 1996; Albagha et al. 2001) . These largely inconsistent results may derive from the diverse genotype and haplotype distributions and the differential degree of linkage disequilibrium of different haplotypes with underlying unknown functional mutations among ethnic groups. In this study, the distribution of PvuII-XbaI haplotypes differed from that in several ethnic backgrounds of Asian and Caucasian women (Patel et al. 2000; Koh et al. 2004; Albagha et al. 2005) . On the other hand, the controversial results can be explained by gene-gene interaction. For instance, Zhang et al. (2003) revealed that neither of the single polymorphisms of the ER-a PvuII or XbaI and none of the four haplotypes were associated with BMD. However, with AA (or A allele) at the vitamin D-receptor locus, PP carriers had lower hip BMD than the non-carriers. Predictors for reduced bone density and an increased risk of osteoporosis are very important to prevent a population from fracture effectively. The present data show that the copy number of the px and PX haploypes and the years since menopause are significant predictors of both calcaneal SOS and osteoporosis. Other studies reported that either the Px haplotype (Albagha et al. 2001) or px haplotype (Ioannidis et al. 2004) were independent predictors of BMD and osteoporosis in different ethnic populations. Increased age is a significant predictor of low SOS. This association was reported in previous studies (Thuy et al. 2003; Hien et al. 2005) and was also confirmed in our data. Our study also agreed with previous research reporting that an increased educational level was associated with a reduced risk of osteoporosis in Vietnamese women (Hien et al. 2005) . It may be elucidated by the report of Woo et al. (1999) that showed that a higher level of education was associated with a healthier diet and a better education might directly influence bone health through the positive effect of better health knowledge on individuals' lifestyles and behaviors.
The present findings must be interpreted in the context of a number of potential limitations. First, using SOS measurements is not known as a ''gold standard'' to diagnosis osteoporosis in the hospital, but rather BMD measured by dual-energy X-ray absorptiometry. However, many studies have supported the view of using QUS to screen for osteoporosis at the community level (Gluer 1997; Danielson et al. 1999; Frost et al. 2001; Hien et al. 2005) . The previous studies also applied a T-score threshold of £-1.8 to define osteoporosis by using QUS (Frost et al. 2001 and Hien el al. 2005) . Thus, in the context of this study in developing countries at the public health level, we could only apply QUS and use a T-score threshold of £-1.8 to identify subjects with osteoporosis. Second, calcium intake of the subjects was not used in these findings to evaluate a potential effect of this variable in our results. Next, our exclusion criteria, including the use of bisphosphonates within 6 months, were inappropriate because the treatment with these drugs in the prior 6 months might affect the bone measurements (Stock et al. 1997) . Nevertheless, none of the recruited subjects had ever taken any bisphosphonates in their medical history. Thus, we could eliminate this confounding factor in the present study. Lastly, our sample size was relatively small and might provide inflated estimates compared to reality (Ioannidis et al. 2001) . Although it was designed to eliminate the effects of confounding factors and to detect the statistically significant difference among genotypes and haplotypes of ER-a,it did not have enough power to carry out further analysis by stratums and interactions between genetic and environmental factors. However, although it wassmall, this could be considered as a representative sample of postmenopausal women in rural Vietnam without other ethnic admixtures.
In conclusion, it is the first report to suggest that the PvuII and XbaI genotypes and haplotypes of the ER-a gene, age, years since menopause and educational level have associations with bone density, as assessed by calcaneal SOS, and are significant predictors of osteoporosis in postmenopausal Vietnamese women.
